A fish-based typology of small temperate rivers in the northeastern lowlands of Germany  by Fieseler, Clemens & Wolter, Christian
ARTICLE IN PRESS0075-9511/$ - se
doi:10.1016/j.lim
Correspond
fax: +49 30 641
E-mail addrLimnologica 36 (2006) 2–16
www.elsevier.de/limnoA ﬁsh-based typology of small temperate rivers in the northeastern
lowlands of Germany
Clemens Fieseler, Christian Wolter
Leibniz-Institute of Freshwater Ecology and Inland Fisheries, Mu¨ggelseedamm 310, 12587, P.O. Box 850 119,
Berlin 12561, Germany
Received 6 April 2005; received in revised form 4 October 2005; accepted 12 October 2005AbstractFish assemblage data from 69 brooks and small streams were analysed to derive a ﬁsh-based typology of small
lowland streams in the ‘‘Central Plains’’ ecoregion of northeastern Germany. Altogether 32 native, 1 non-native ﬁsh
species and 2 lamprey species were detected in the lowland rivers studied. Species number and diversity varied
signiﬁcantly according to mean summer water temperatures and size of the watercourses. Summer-cold brooks
contained on average 3–5 species, brooks with higher summer temperatures 5–8 species and small lowland rivers
around 10–14 species. Small lowland brooks contained a signiﬁcantly higher number of ﬁsh species when they ﬂowed
into or out of lakes: typically around 8–12.
In the northeastern German lowlands the following three different river types were distinguished according to their
ﬁsh assemblages: (1) The ‘‘lowland trout brook’’, where brown trout (Salmo trutta L.) are reference species and
accompanied by stone loach (Barbatula barbatula (L.)), brook lamprey (Lampetra planeri (Bloch)), three-spined
stickleback (Gasterosteus aculeatus L.), ten-spined stickleback (Pungitius pungitius (L.)) and gudgeon (Gobio gobio
(L.)); (2) The ‘‘perch- and roach-dominated lowland brook’’, where perch (Perca fluviatilis L.) and roach (Rutilus
rutilus (L.)) are reference species, accompanied by pike (Esox lucius L.), three-spined stickleback and gudgeon; and (3)
The ‘‘lowland lake connected brook’’ inhabited by higher numbers of ﬁsh species, with higher proportions of cyprinid
ﬁshes, and higher proportions of limnophilic ﬁsh. Apart from perch and roach, bleak (Alburnus alburnus (L.)),
common bream (Abramis brama (L.)), silver bream (Blicca bjoerkna (L.)) and rudd (Scardinius erythrophthalmus (L.))
also occurred frequently.
Further two observed ﬁsh-based types were not considered: The potential stone loach-dominated brook was not
sufﬁciently represented in this study to be veriﬁed, and the stickleback brook was considered to represent degradation
of lowland trout brooks.
The correspondence between the ﬁsh-based typology and the morphology-based German stream typology was
rather weak and requires further investigation.
r 2005 Elsevier GmbH. All rights reserved.
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Biocoenotic references are commonly used as pre-
requisites to derive rehabilitation and restoration targets
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speciﬁc reference conditions for ﬁsh fauna may serve as
guidelines for sustainable ﬁsheries management. With
the implementation of the new Water Framework
Directive (WFD) in the European Community (2000/
60/EC), the restoration, enhancement and protection of
the good ecological quality of all surface waters
(respectively the good ecological potential of artiﬁcial
and heavily modiﬁed water bodies), became a legal
requirement for all member states of the European
Union. For the ﬁrst time, the species composition,
abundance and age structure of ﬁsh fauna became one
of the biological quality characters according to the
WFD. Because the WFD deﬁnes the ecological quality
in relation to type-speciﬁc references at pristine or only
slightly impacted conditions, the development of refer-
ences for European ﬁsh fauna is one of the main issues
for implementing the WFD.
In running waters, succession and variations of ﬁsh
communities along longitudinal gradients of environ-
mental variables have been translated into zonation
patterns of ﬁsh communities. In European rivers, from
the headwaters to the mouth into the sea the ﬁsh zones
of brown trout (Salmo trutta L.), grayling (Thymallus
thymallus (L.)), barbel (Barbus barbus (L.)), bream
(Abramis brama (L.)), and ruffe (Gymnocephalus cernuus
(L.))-ﬂounder (Platichthys flesus (L.)) succeed each
other.
The German stream typology used ecoregion, alti-
tude, geology according to river landscapes, stream
slope and size to deﬁne altogether 24 stream types
(Pottgiesser & Sommerha¨user, 2004). The biocoenoti-
cally relevant stream types were further subdivided
according to their catchments into four size classes: small
river (10–100km2), mid-sized river (4100–1000km2),
large river (41000–10,000 km2) and very large river
(410,000 km2). The German stream typology distin-
guished small and mid-sized rivers very detailed (15 and
11 types, respectively, with types deﬁned for both
size classes) whereas only seven and two types were
deﬁned for large and very large rivers, respectively
(Pottgiesser & Sommerha¨user, 2004). In contrast,
with increasing river size ﬁsh fauna increasingly shifts
longitudinally, differs between rivers and varies biogeo-
graphically (Berg, Gaumert, Ka¨mmereit, Klinger,
Lemcke et al., 2004). Thus it was expected, that in
small catchments, several stream types according to
Pottgiesser and Sommerha¨user (2004) may be charac-
terised by a single ﬁsh-based type with a few biogeo-
graphic modiﬁcations, whilst in large catchments a
single abiotic type might correspond to distinct ﬁsh-
based river types, despite of additional biogeographic
differences.
In lowland rivers, rhithral habitat conditions are
typically locally restricted to landscape parts of the
glacial series, in particular the terminal moraines androcky tills. Their existence depends mainly on source
water supply: Large quantities of source water supply
favour rhithral (cold, fast ﬂowing) habitats, whilst low
source water favours potamal (warm, slow ﬂowing)
conditions. The ﬁsh communities in both types of rivers
were frequently inﬂuenced by fauna immigrating from
naturally existing connected lakes within the lowland
catchments. Therefore, lowland rivers are typically
inhabited by higher numbers of ﬁsh species including
eurytopic and limnophilic species, as commonly re-
corded in rhithral stretches of upland rivers (e.g.
Dußling, Berg, Klinger, & Wolter, 2004; Frenz, 2000;
Wang, Lyons, Rasmussen, Seelbach, Simon et al., 2003).
Existing typologies of small lowland rivers based mainly
on abiotic characteristics (Mutz, Schlief, & Orendt,
2001; Pott & Remy, 2000; Pottgiesser & Sommerha¨user,
2004; Scharf, Braasch, Molkenbur, Dolch, Ochmann et
al., 1998). Finally, Pottgiesser and Sommerha¨user (2004)
suggested eight biocoenotically relevant stream types for
the ecoregion ‘‘Central Plains’’ (Illies, 1978) and
additional four ecoregion independent types, i.e. types
potentially occurring in all ecoregions. It was hypothe-
sised that, (i) these 12 stream types do not correspond to
distinct ﬁsh-based types, and (ii) the ﬁsh-based types
derived for rivers of comparable size in the uplands
(Dußling et al., 2004) correspond at best weakly to ﬁsh
assemblages of small lowland rivers.
This study analysed ﬁsh assemblage surveys for a total
of 69 small brooks and streams in the Federal Country
Brandenburg, Germany, with the aim of classifying low-
order lowland streams for the ﬁrst time according to
their ﬁsh assemblages and to derive a ﬁsh-based
typology according to the WFD for small rivers in the
ecoregion 14 ‘‘Central Plains’’.Study area
Fish community data from 69 brooks and small rivers
were available for the analysis, all of them located in the
northeastern lowlands of Germany (Fig. 1). In the
following, brook refers to ﬂowing waters with catch-
ments up to 100 km2 and small river to4100–1000 km2.
Stream is used when both types were summarised.
Catchment areas were taken from the hydro-geographic
atlas of the former GDR (Meteorologischer Dienst
DDR, 1968). Data on stream length, temperatures and
conservation priority were mainly provided by Scharf et
al. (1998) and Mutz et al. (2001), the assessment of
structural quality by Informus (2002), and the classiﬁca-
tion according to German’s biocoenotically relevant
stream types by Umweltbu¨ro Essen (UBE, 2004).
Most of the streams (60) were ﬁrst and second order,
whilst nine were either third or fourth order. All waters
investigated belonged to three catchments, the River
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Fig. 1. Map of the study area: Numbers refer to Table 1 and indicate the main river catchments surveyed.
C. Fieseler, C. Wolter / Limnologica 36 (2006) 2–164Elbe (60 streams), the River Oder (8), and the River
Ucker (1) (Table 1). The ﬁsh species inventories of these
catchments were similar (Wolter, Bischoff, & Wysujack,
2005).
The Buckau and Plane tributaries are located in the
southwest of Brandenburg, in the Fla¨ming region. These
tributaries were mainly summer-cold with predomi-
nately rhithral habitat characteristics. Waters were
considered as summer-cold if their water temperatures
did not exceed 10–18 1C in summer. Temperatures above
20 1C corresponded to potamal habitat characters
(Scharf et al., 1998). The structural quality of the rivers
Buckau and Plane was assessed 2.8 and 3.7 on a scale of1 (pristine) to 7 (completely degraded) (Informus, 2002).
The Nieplitz ﬂows in the lower Fla¨ming. Its main
channel is regulated by several dams and is of potamal
habitat character in substantial parts. Only a few small
tributaries were characterised as rhithral. The River
Dahme rises in the southern Fla¨ming and enters ﬁnally
the River Spree in Berlin. In its lower reach the Dahme
is a federal waterway, but the whole upper stretch was
characterised as a predominantly potamal river. The
structural quality was on average 3.5 (Informus, 2002).
Only ﬁsh community data originating from the up-
stream part of the Dahme and six small tributaries were
used for this study. The River Stepenitz catchment is
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C. Fieseler, C. Wolter / Limnologica 36 (2006) 2–166situated in the northwest of Brandenburg and has been
considered as one of the most natural rivers of the
country with the highest conservation value (Braasch,
Scharf, & Knuth, 1993; Scharf et al., 1998). The
structural quality was on average 2.6, which was the
best result of altogether 25 streams and 1707 stream
kilometres surveyed (Informus, 2002). The River Dosse
is the main water system of the region ‘‘Ruppiner
Land’’. It rises north of Freyenstein close to Mecklen-
burg-Vorpommern and ﬂows in a north–south direction
to the River Havel. In its upper course rhithral habitat
characteristics dominate, in the lower reaches the river is
potamal in character. The structural quality was on
average 4.0 (Informus, 2002). The Havel itself rises in
the lake district of Mecklenburg-Vorpommern, ﬂows in
a southerly direction to Berlin, where it turns west to the
conﬂuence with the River Elbe. All streams surveyed in
the upper Havel area were ﬂowing in, out, or through
lakes, and thus, lake ﬁsh communities interrupted their
lotic ﬁsh assemblages. The River Boizenburger Strom is
considered as the most natural stream system of the
region Uckermark, with comparably pristine river
morphology and hydrodynamic processes, and is
characterised as a lowland trout brook (Braasch et al.,
1993). However, German’s stream typology identiﬁed
this river as a lake outﬂow (UBE, 2004). The Salveibach
discharges into the Westoder in the town Gartz, in the
north of Brandenburg. The River Finow drains the
region Barnim in the north of Berlin. It ﬂows
predominantly through forested areas.Material and methods
Eight tributaries of the Buckau River and 11
tributaries of the Plane River were sampled in October
2001 using a portable electric ﬁshing gear (DEKA 3000
‘‘Lord’’, pulsed DC, 1.6 kW). Sampling was undertaken
as a single pass by wading, without using stop nets.
Every 2–5 km downstream, stretches between 100 and
800m were ﬁshed depending on available habitat
structures, habitat diversity, river size, and total catch.
Longer stretches have been sampled at sites with
different habitat structures and in bigger streams
compared to homogenous stretches in little brooks.
Altogether, 29 sites in the tributaries of the River
Buckau and 24 sites in the tributaries of the River Plane
were sampled.
All ﬁsh caught were identiﬁed to species, counted,
measured (total length to 0.5 cm below) and returned to
the water.
Additional ﬁsh assemblage data sets from electric
ﬁshing surveys were provided by Wolter, Bischoff,
Tautenhahn, and Vilcinskas (1999), Wolter, Meisel,
Heymann, Fladung, Fredrich et al. (2003), Grzegor-zewski (2000), Lill & Winkler (2002), Vo¨lker (2005), the
ﬁsheries authorities of the administrative districts
Oberhavel and Prignitz, the Institute of Applied
Freshwater Ecology in Seddin, the private company
‘‘Gutachtergemeinschaft Fischerei & Gewa¨ssero¨kolo-
gie’’, Gießen, and the society ‘‘Interessengemeinschaft
Ichthyologie Hoher Fla¨ming’’. Altogether ﬁsh assem-
blage data from 149 additional sites were available;
however, their survey intensities varied substantially,
from simple species counts to three ﬁshing occasions per
year. All samples from the River Finow were pre-
sence–absence information of species only. Accordingly,
these data sets were considered only to estimate
frequencies of species occurrence.
Fish species numbers were recorded for all streams
and used to calculate the frequency of occurrence of
species, i.e. the proportion of samples containing a
certain species for the total of 202 sites included.
Furthermore, the frequency of occurrence of species
was calculated separately for streams with predomi-
nately potamal (30 streams) and rhithral (39) habitat
characteristics mainly based on average summer tem-
peratures 420 1C oro18 1C, respectively (Scharf et al.,
1998). Frequencies were compared using w2 statistics.
Semi-quantitative catch data were pooled in two
ways: ﬁrstly, for streams over all sites and seasons, and
secondly, for the following stream groups: small rivers
(n ¼ 9), Buckau tributaries (n ¼ 11), Plane tributaries
(n ¼ 12), Dahme tributaries (n ¼ 6), Nieplitz tributaries
(n ¼ 4), and Havel tributaries (n ¼ 8). Small rivers were
deﬁned according to catchment area 4100 km2 and
consisted of the main rivers of the regional catchments.
This group was further subdivided into small rhithral
(n ¼ 5) and small potamal (n ¼ 4) rivers (Mutz et al.,
2001; Scharf et al., 1998).
Pooled number of ﬁsh caught and total length ﬁshed
were used to standardise ﬁsh densities as ﬁsh per 100m
(catch per unit effort – cpue) for each stream. A stream
was excluded from further quantitative analyses if the
pooled number of ﬁsh caught was below 100.
For the remaining 50 streams, the relative abundances
of species were calculated using the standardised cpue
data to account for varying ﬁshing effort between
streams. For each stream the following additional
metrics were estimated: proportions of individuals
belonging to the ecological ﬂow preference (Schiemer,
Jungwirth, & Imhof, 1994; Schiemer & Waidbacher,
1992) and spawning substrate guilds (Balon, 1975,
1981), and the species diversity calculated using the
Shannon Index H0 (loge) as the sum of the proportion of
individuals that each species contributes to the entire
community.
Comparisons of species numbers, diversity, abun-
dance and guild proportions were performed using t-
statistics for pair-wise tests and one-way ANOVA for
more than two groups. Signiﬁcances were evaluated post
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case of signiﬁcant deviations from homogeneity of
variances (Levene test, po0:05). In case of heterosce-
dasticity test results were additionally evaluated by
Mann–Whitney U and Kruskal–Wallis H statistics.
Finally, all streams were classiﬁed according to the
relative abundance of species by hierarchical cluster
analysis using Ward’s algorithm and squared Euclidian
distances between samples. Non-parametric Spearman
rank coefﬁcients were used to estimate correlations
between ﬁsh assemblages and environmental characters.
Statistical tests of signiﬁcance were evaluated
at a 95% level of conﬁdence. Calculations were
performed using SPSS software package (SPSS Inc.,
release 9.0.1).Results
Altogether 33 ﬁsh and 2 lamprey species were
recorded in the 69 small lowland streams of Branden-
burg surveyed, among them rainbow trout (Oncor-
hynchus mykiss (Walb.)) was the only non-native species.
Most widespread was the three-spined stickleback,
occurring at 67% of all 202 sites sampled; brown trout
(52%), gudgeon (43%), stone loach (41%), perch
(34%), ten-spined stickleback (32%), roach (32%) and
eel (Anguilla anguilla (L.), 32%) were the next most
common species. Altogether 22 species occurred at less
than 10% of the sites whilst river lamprey (Lampetra
fluviatilis (L.)), crucian carp (Carassius carassius (L.)),
and pikeperch (Sander lucioperca (L.)) were found at
two sites each, asp (Aspius aspius (L.)), common carp
(Cyprinus carpio L.), and wels (Silurus glanis L.) only at
a single site each.
A total of 30 species were recorded in both the
predominantly potamal and rhithral streams, however,
the species distribution differed signiﬁcantly (po0:05, w2
statistics) between them (Fig. 2). In potamal streams
perch were most widespread, occurring at more
than 70% of the sites sampled. Eel, roach, gudgeon,
and three-spined stickleback were recorded at
48–50% of the sites. In contrast, in rhithral streams,
brown trout and three-spined stickleback were most
widespread and both occurred at 72% of the sampling
sites. Stone loach (52%) and brook lamprey (40%)
were the next most common species in rhithral streams
(Fig. 2).
No correlations were detected between the conserva-
tion priority of a stream (compare Table 1) and ﬁsh
species number, diversity or the relative abundance of
species or guilds indicating conservation priority as a
very subjective assessment.
Summer-cold (rhithral) and summer-warm (potamal)
streams differed highly signiﬁcant in ﬁsh speciesnumbers and diversity (po0:001, t test). In mean
(standard deviation) 4.6 (2.4) species and a Shannon
Index of 0.80 (0.45) were found in rhithral streams
compared to 8.1 (3.6) and 1.31 (0.42) in potamal
streams. Rhithral habitat conditions correlated signiﬁ-
cantly (po0:01, Spearman’s r) positive with the
abundance of brown trout (r ¼ 0:57), stone loach
(0.40) and ten-spined stickleback (0.52), potamal habitat
conditions favoured perch (0.71), roach (0.64) and
gudgeon (0.33).
Connected lakes within the stream catchments sig-
niﬁcantly (po0:01, H0 po0:05, Spearman’s r) increased
the number of ﬁsh species, species diversity H0 and the
relative abundance of perch and roach. The inﬂuence of
lakes was signiﬁcantly (po0:01, Spearman’s r) nega-
tively correlated with the relative abundance of brown
trout, stone loach and ten-spined stickleback. The
connection to lakes favoured potamal habitat conditions
(Spearman’s r ¼ 0:82, po0:01).
Species composition and relative abundance within
the subgroups of streams classiﬁed were summarised in
Table 2. The highest numbers of species and greatest
species diversity (H 0) were observed in the group of the
small rivers with means7standard deviation of
12.273.8 and 1.6870.33, respectively (Figs. 3 and 4).
The lowest diversity was found in the Plane and Buckau
tributaries. The mean numbers of species recorded
in these tributaries (3.571.8 and 4.371.6) as well as
the corresponding Shannon values H0 (0.5670.38 and
0.8270.27) differed highly signiﬁcant (po0:05,
ANOVA, post hoc Dunnett-T3) from the small rivers
and also for example from the Havel tributaries (Figs. 3
and 4).
Although very different in terms of species numbers
and diversity, all three groups containing rhithral
streams only (small rhithral rivers, Buckau and Plane
tributaries) were dominated by rheophilic ﬁsh and
correspondingly, typical riverine spawning guilds such
as lithophils, i.e. brood hiders spawning in coarse gravel
with benthic larvae (Table 3). In contrast, streams with
predominately potamal habitat characteristics (small
potamal rivers, Dahme and Havel tributaries) were
dominated by eurytopic ﬁsh with non-specialised
spawning requirements (e.g. phyto-lithophils) (Table
3). The differences in community structure between the
potamal and rhithral stream groups were highly
signiﬁcant (po0:001, Mann–Whitney U) for the rheo-
philic, eurytopic, lithophilic and phyto-lithophilic
guilds, and even signiﬁcant (po0:05, Mann–Whitney
U) for the limnophilic and ariadnophilic guilds (com-
pare Table 3). No signiﬁcant differences between groups
were found for the proportion of psammophilic ﬁsh.
The Nieplitz tributaries hold an intermediate position
according to their guild composition.
The hierarchical clustering of streams according to
their ﬁsh assemblages revealed two main clusters
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Fig. 2. Frequency of occurrence of species observed within the streams with predominantly potamal (N ¼ 30), respectively, rhithral
(N ¼ 39) habitat characteristics.
C. Fieseler, C. Wolter / Limnologica 36 (2006) 2–168(Fig. 5), one containing only streams with predomi-
nantly rhithral habitat structures and one containing all
potamal streams as well as rhithral streams. The cluster
of rhithral streams was further subdivided in two
clusters: (a) brooks with 2–6 ﬁsh species and a
dominance of brown trout between 83–99%, and (b)
brooks and small rivers with 4–14 species and 47–71%
brown trout.
The second main cluster was further subdivided into
two clusters, one containing only potamal brooks and
small rivers and one containing potamal and rhithral
streams. The streams summarised in the potamal cluster
were characterised by a dominance of roach and perch
with 41–82% of the ﬁsh assemblages. Only one
subcluster (Dabelower Bach – Ablauf Schwaberowsee)
represents exclusively brooks inﬂuenced by lake ﬁsh
assemblages with 9–15 species and higher proportions of
bleak, common bream or silver bream.The group of potamal and rhithral streams was formed
by two subclusters (Fig. 5). Cluster ‘‘c’’ represents rhithral
and potamal brooks and small rivers dominated by
psammophilic species, either 44–60% stone loach (Dosse,
Geuenbach, Karthane ur) or 12–16% stone loach and
20–24% gudgeon. Cluster ‘‘d’’ was mainly formed by
rhithral brooks except the potamal Stintgraben. The ﬁsh
assemblages of these brooks comprised 2–8 species and
were dominated by 67–99% sticklebacks (both species).
Both subclusters ‘‘c’’ and ‘‘d’’ contained three brooks or
small rivers each, which were inhabited by naturally
reproducing brown trout populations with relative
abundances between 5.1–18.0%.
The hierarchical clustering of streams according to
their ﬁsh assemblages was neither correlated to the
biocoenotically relevant stream types of Germany nor to
the conservation value of the streams and rather weakly
to the inﬂuence of lakes (Fig. 5).
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Fig. 3. Numbers of ﬁsh species observed within the stream groups. Boxes represent 50% of all observations, whiskers 90%; the thick
line marks the median; N ¼ number of streams. Similar letters refer to homogenous subgroups (po0:05, ANOVA, Dunnett-T3).
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Fig. 4. Shannon species diversity H0 observed within the stream groups. Boxes represent 50% of all observations, whiskers 90%; the
thick line marks the median; N ¼ number of streams. Similar letters refer to homogenous subgroups (po0:05, ANOVA, Dunnett-
T3).
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Small streams are highly variable according to
climate, temperature, morphology, water supply, and
discharge, and are heavily threatened by humaninﬂuences such as water abstraction, damming and
pollution. Small streams are typically inhabited by low
numbers of species. Both these issues have to be
considered when conducting surveys of ﬁsh communities
in small streams. Although sampling efﬁciency can
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C. Fieseler, C. Wolter / Limnologica 36 (2006) 2–1612typically be very high in small streams, the variability of
catch composition between seasons and years may be
substantial, especially in species-poor ﬁsh assemblages.
The database used for this study was of very hetero-
geneous quality, from presence–absence information to
repeated samplings of different sites in consecutive years
(see Table 1). Possible sampling biases were compen-
sated for in the analysis, ﬁrstly, by using only very
robust metrics for the assessment of a ﬁsh-based
typology: species numbers, presence, composition of
ecological guilds, and abundance of dominant species,
and secondly, by incorporating a high number of
independent streams from different catchments repre-
senting all parts of the region into the analyses.
Surprisingly high numbers of species were recorded in
the small lowland streams. The 34 native lamprey and
ﬁsh species recorded during the present investigation
represented 81% of the total inventory of 42 native
species in the Federal Country Brandenburg (Bra¨mick,
Rothe, Schuhr, Tautenhahn, Thiel et al., 1998).
Species inventories and species composition observed in
the different stream groups, pre-classiﬁed according to
Scharf et al. (1998), corresponded well with common
assumptions that well oxygenated, summer-cold rhithral
stretches will be inhabited by cold adapted, rheophilic and
rheopar species, whereas the potamal is inhabited by
eurythermic, rheo-tolerant and euryopar species (e.g.
Jungwirth, Haidvogl, Moog, Muhar, & Schmutz, 2003;
Pott & Remy, 2000). The rhithral streams surveyed were
generally colonised by rheophilic, sand- or gravel-spawn-
ing species, while the potamal streams were dominated by
tolerant eurytopic, phyto-lithophilic species.
In their natural state, small streams contain only very
few ﬁsh species, which is in accordance with ecological
theory of species–area relationships (e.g. Borda-de-
A`gua, Hubbel, & McAllister, 2002; Ricotta, Carranza,
& Avena, 2002). In the study area, 3–5 species were
recorded in the rhithral brooks, a number which
increased up to 10–15 species in the potamal small
rivers surveyed. Accordingly, in brooks comparably low
values for the Shannon diversity H0 have to be expected.
Even in the most natural state of a brook, H0 will rarely
exceed 1.60, because of the mathematical nature of this
index. The values of H0 increases with both the species
number(s) and homogeneity in the relative abundance of
species, and reaches its maximum at ln(s) if all species
occur in equal number (e.g. Washington, 1984). For
example, in a three-species assemblage the maximum
diversity is H0 ¼ ln(3) ¼ 1.10, a theoretical value which
will not be reached because of the naturally unequal
distribution of species. This becomes in particular
important for species conservation when comparing
diversity metrics. In most rivers an index H0 of 1.00
indicates a highly degraded ﬁsh assemblage, whilst in
brooks with three species it represents 91% of the
possible maximum diversity.
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Fig. 5. Hierarchical clustering of 40 streams surveyed according to the relative abundance of their species. The dendrogram was
constructed using the Ward algorithm and squared Euclidean distances between samples. Numbers in parentheses refer to German’s
biocoenotically relevant stream type according to Pottgiesser and Sommerha¨user (2004). Asterisks mark streams with observed
connections to lakes; ur, mr, lr ¼ upper, middle and lower reach.
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species enabled a ﬁsh-based differentiation of 4–5 stream
groups (Fig. 5): lowland trout brooks, stickleback
brooks, stone loach brooks, brooks or streams domi-
nated by eurytopic species, mainly perch and roach, and
the sub-type of streams inﬂuenced by lakes.
The ‘‘lowland trout brook/stream’’ was represented
by ﬁve stream types according to the German typology:
type 11 – small organic substrate dominated, 14 – small
sand-dominated lowland, 15 – mid-sized sand- and
loam-dominated lowland, 16 – small gravel-dominated
lowland, and 21 – lake outﬂows (Fig. 5). This
corresponded very well to the initial hypothesis that
even in small rivers different morphology based stream
types may be represented by a single ﬁsh-based type. It is
probable that the lowland trout brook/stream represents
a natural river type, as it was indicated by historical
records (e.g. Eckstein, 1901; Schaarschmidt & Lemcke,
2004; von dem Borne, 1882), comparable ﬁsh commu-
nity surveys in other lowland regions (Frenz, 2000;
Paavola, Muotka, Virtanen, Heino, & Kreivi, 2003), and
studies of the natural recovery of trout populations after
improvements in water quality (Eklov, Greenberg,
Bronmark, Larsson, & Berglund, 1998). In contrast,
there is substantial evidence that the ‘‘stickleback-
dominated brooks’’ represent more a state of degrada-
tion than a natural river type (Frenz, 2000; Sutherland,
Meyer, & Gardiner, 2002; Wang et al., 2003). Fig. 5
summarises in sub-cluster ‘‘d’’ stickleback-dominated
streams lacking or not brown trout of different states of
human alterations and degradations (Scharf et al.,
1998). All brooks were similar classiﬁed morphologi-
cally as the trout brooks into small sand- or organic
substrate-dominated rivers (UBE, 2004), and of rhithral
habitat character, except the potamal brook Stintgra-
ben. Where the intolerant brown trout has been lost due
to hydro-morphologic alterations and/or pollution,
sticklebacks could remain as the only dominant ﬁsh
(Sutherland et al., 2002). In those brooks, remains of
trout populations may serve as an indicator of this
hypothesis, however, in the present study the data did
not allow its rigorous testing.
The status of the ‘‘stone loach-dominated’’ or ‘‘stone
loach- and gudgeon-dominated’’ brooks and small rivers
remained unresolved (Fig. 5, subcluster ‘‘c’’). In contrast
to the ‘‘lowland trout brook’’, this ﬁsh-based type could
not be directly derived from historical records, because
both species were not commercially important, and,
therefore, rarely reported (Schaarschmidt & Lemcke,
2004; von dem Borne, 1882). However, both species are
sand spawners and potentially favoured by habitat
conditions of small sand-dominated and mid-sized sand-
and loam-dominated rivers. Within the streams clus-
tered together in ‘‘c’’ (Fig. 5), stone loach was dominant
in the brooks of type 14 (Pottgiesser & Sommerha¨user,
2004; UBE, 2004), while gudgeon increased in the smallrivers (type 15). There was a weak indication that the
dominance of brown trout may decrease in favour of
gudgeon and stone loach with increasing number of
species but no correlations were found to predict the
dominance of psammophilic species from environmental
characters. It seemed possible that sand-dominated
lowland streams may occur either as trout brooks or
as stone loach brooks. This corresponds very well with
the suggestion of Frenz (2000) to characterise the upper
regions of lowland rivers as stone loach region. In this
study the number of loach-dominated brooks was too
low to justify this ﬁsh-based type and to analyse its
morphological or faunistic predictors.
The summer-warm, potamal streams represent a
distinct river type, which in their natural state should
be dominated by non-salmonid ﬁsh, in particular by
rheophilic cyprinids (Bru¨ggemann, Fredrich, Wolter,
Pudenz, & Steinberg, 2002; Frenz, 2000). However,
perch and roach dominated the potamal streams
surveyed in this study. Perch occurred in 72% of the
potamal streams and roach in 48% (Fig. 2). In the
streams clustering within the potamal group (Fig. 5)
both species contributed more than 40% of the ﬁsh
assemblages. Increasing abundances of perch and roach
commonly considered as indicators of human degrada-
tions of habitat structures (Wolter & Vilcinskas, 1997),
respectively, of nutrient inputs (Oberdorff & Hughes,
1992). It seemed probable, that the potamal streams
surveyed mainly reﬂect disturbed conditions (Driescher,
2003; Informus, 2002; Scharf et al., 1998). Despite this,
these streams belong to river types, different from the
lowland trout stream: mainly small organic substrate
dominated (type 11, Pottgiesser & Sommerha¨user, 2004)
and lake outﬂows (type 21). Further research is needed
to characterise the lowland cyprinid brook more
accurately. However, this task becomes more difﬁcult
with decreasing size of a river and accordingly, scarcer
historical records (Wolter et al., 2005) in the face of
more than 1000 years of human alterations of river
catchments, especially in lowland areas (Driescher,
2003).
In both rhithral and potamal stream types, the
number of species recorded was signiﬁcantly higher if
the stretches surveyed were closely connected to lakes.
This resulted from a spreading of eurytopic and
limnophilic ﬁsh from the lakes into adjacent river
stretches. Correspondingly, Frenz (2000) and Pottgiesser
and Sommerha¨user (2004) suggested lake outﬂows as
separate river type independent of ecoregions, i.e.
occurring in all ecoregions. Although, the connections
to lakes favours potamal habitat conditions, the stream
type ‘‘lake outﬂows’’ occurred in the study area as
rhithral trout brook too (Fig. 5). In general, it has to be
expected, that both number and abundance of species
are highly variable because of the temporary use of the
connected streams by lake ﬁsh. The probability of
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to the distance from lakes; however, the highest
inﬂuences were detected up to about 3 km up- or
downstream of a lake, while single specimens will almost
use the whole stream course temporarily.
In conclusion: Small, ﬁrst- to forth-order lowland
streams were classiﬁed into three ﬁsh-based river types:
(i) The ‘‘lowland trout brook’’ with brown trout as
reference species, accompanied by stone loach, brook
lamprey, three-spined stickleback, ten-spined stickle-
back and gudgeon. The small low-order brooks of this
stream type are typically species-poor with an average of
3–5 ﬁsh species. In the bigger third- to forth-order
streams on average up to 10–14 species can be expected.
In its degraded form this stream type is dominated by
sticklebacks and brown trout may disappear; (ii) The
‘‘perch–roach-dominated lowland brook’’ with perch
and roach as reference species and accompanied by pike,
three-spined stickleback and gudgeon. This stream type
may represent a degraded form of a more general
‘‘lowland cyprinid brook’’, potentially dominated by
rheophilic cyprinids. However, the latter hypothesis
requires further investigation and surveys of more
pristine brooks. In their present form, low-order streams
of this type were inhabited on average by 5–8 species,
whilst in the bigger, third- to forth-order streams, 10–14
species occurred on average; (iii) in- and outﬂows of
lakes represent a separate ﬁsh-based type, the ‘‘lowland
lake connected brook’’. This type is characterised by
comparably high numbers of species, on average 8–12
even in low-order brooks, and a substantial proportion
of limnophilic and eurytopic ﬁsh. The ‘‘stone loach
brook’’ requires further justiﬁcation by additional
studies, while the ‘‘stickleback brook’’ was considered
as degradation of the lowland trout brook.
Based on the environmental characteristics of river
morphology and hydrology, eight brook types have
been distinguished with relevance to small streams in the
study area: type 14 ‘‘small sand-dominated streams’’,
type 15 ‘‘mid-sized sand- and loam-dominated streams’’,
type 16 ‘‘small gravel-dominated streams’’, type 18
‘‘small loess- and loam-dominated streams’’, type 11
‘‘small organic substrate-dominated streams’’, type 12
‘‘mid-sized organic substrate-dominated streams’’, type
19 ‘‘small streams in riverine ﬂoodplains’’, and type 21
‘‘lake outﬂows’’ (Pottgiesser & Sommerha¨user, 2004).
The types 12, 18, 19 were not represented within the
streams surveyed (UBE, 2004).
To a certain extent this abiotic typology corresponded
with the ﬁsh-based typology (Fig. 5). Brooks of type 16
probably occurred as lowland trout brook. Brooks of
type 14 occurred either as lowland trout brook- or as
stone loach-dominated brook. Both ﬁsh-based types
required rhithral habitat conditions; however, the latter
mentioned was not ﬁnally justiﬁed. Type 21 should
directly correspond to the ‘‘lowland lake connectedbrook’’; however, the classiﬁcation of German streams
by UBE (2004) differed substantially from the observed
connectedness to lakes (compare Fig. 5). Accordingly
this ﬁsh-based type was scattered over several abiotic
stream types. Type 21 was also well represented by the
‘‘perch- and roach-dominated lowland brook’’, prob-
ably resulting from the signiﬁcant correlation between
lake inﬂuence and potamal habitat conditions.
According to its morphological characterisation
(Mutz et al., 2001; Pottgiesser & Sommerha¨user,
2004), type 11 should never have served as trout brook
because of a lack of suitable spawning habitats, high
nutrient loads, and temporarily occurring oxygen sags.
However, 3 of 13 trout brooks were morphologically
classiﬁed as organic substrate dominated (type 11, UBE,
2004). In general, types 11 and 15 were not clearly linked
to ﬁsh-based types and may exhibit very different ﬁsh
communities. Further research is required to character-
ise these stream types according to their ﬁsh assemblage,
and to derive reference conditions for lowland cyprinid
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